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A steriliraWe nonwoven material whk:h is subjected to electreting. ami more P^'^V f^f^tf^^SS^r^a^^ 
nonwoven materiaU may include laminate nonwovens wherein one or more layers are subjected to dectretmg. TTie nonwoven matenaiw 
may also be treated wim an antUtatic material before or after subjecting th^ 
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IMPROVED NONWOVEN BARRIER 



Field Of the Invention 

The present Invention is directed to bacterial barrier fabrics. More 
particularly, the present invention is directed to nonwoven microbial barrier fabrics for 
use as sterilization wrap, surgical draping, surgical gowns, cover gannents. such as 
over-suits, and the like. 

Background of the Invention 

As is generally known, surgical gowns, surgkal drapes, surgical face 
masks and sterile wrap (hereinafter collectively "surgical articles") have been designed 
to greatly reduce, if not prevent, the transmissfon through the surgical article of liqukJs 
and/or airborne contaminates. In surgical procedure environments, such liquids sources 
include the gown wearer's perspiration, patient Hquids. such as blood and life support 
liquids such as plasma and saline. Examples of airborne contaminates include, but are 
not limited to. biological contaminates, such as bacteria, viruses and fungal spores. 
Such contaminates may also include particulate material such as. but not limited to. Knt. 
mineral fines, dust, skin squames and respiratory droplets. A measure of a fabrics 
ability to prevent the passage of such airborne materials is sometimes expressed In 
terms of "filtration efficiency". 

Many of these surgkal articles were originaHy made of cotton or linen 
and were sterilized prior to their use in the operating room. Such surgical articles 
fashioned from Vnese materials, however, permitted transmission or "strike-through" of 
various liquids encountered in surgical procedures. In tiiese instances, a path was 
estabfished for transmission of biological contaminates, eitiier present In the Kqukl or 
subsequenfly contacting tine liquid. Uirough the surgteal article. Additionally, m many 
instances surgical articles fashioned from cotton or linen provide insufftaient barrier 
protection from the transmission therethrough of airborne contaminates. Furthermore, 
these articles were cosUy. and of course laundering and sterilization procedures v*«re 

required before reuse. 

Disposable surgical articles have largely replaced linen surgical articles. 
Advances in such disposable surgical articles include ttie fonnation of such articles 
from totally liquid repellent fabrics which prevent strike4hrough. In this way... biological 
contaminates carried by liquids are prevented from passing ttirough such fabrics. 
However, in some Instances, surgteal articles formed from nonporous films, while being 
Kquid and airborne contaminate impenrtous. are. or become over a period of time. 

uncomfortable to wear. 

In some instances, surgical articles fashioned from liquid repellent 
fabrics, such as fabrics fonned from nonwoven polymers. sufficienUy repel liquids and 
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are more breathable and thus more comfortable to the wearer than nonporous 
materials. However, these improvements in comfort and breathable provide by such 
nonwoven fabrics have generally occurred at the expense of barrier properties or 
filtration efficiency. 

While the focus thus far has been directed to surgical articles, there are 
many other garment or over-^anment applications, such as personal protective 
equipment applications, whose designers require both fabric comfort and filtration 
effidency. Other personal protective equipment applications Include, but are not limited 
to, laboratory applications, clean room applications, such as semi-conductor 
manufacture, agriculture applications, mining applications, and environmental 
applications. 

Therefore, there is a need for garment materials and methods for making 
the same which provide improved breathability and comfort as well as Improved 
filtration efficiency. Such improved materials and methods are provided by the present 
Invention and will become more apparent upon farther review of the following 
specification and claims. 

Summary of the invention 

In response to the above problems encountered by those of skill in the 
art, the present invention provides a steam sterilizable nonwoven material, such as 
nonwoven fabrics, fomied from polymer fibers. The nonwoven materials of the present 
invention are formed by subjecting at least a portion of the nonwoven material to 
electreting and then sterilizing the nonwoven material. The nonwoven material may be 
subjected to electreting followed by sterilization or sterilization followed by electreting. 
The sterilization procedure may be any metiiod of sterilizing a solid material including, 
but not limited to, steam sterilization, ethylene oxWe sterilization, plasma sterilization or 
ozone sterilization. The nonwoven material may also be treated with an antistatic 
material before or after subjecting ttio rK>nwoven material to electi^ting. 

These methods further include positioning another nonwoven material In 
a juxtaposed relationship with the first nonwoven material. Portions of the other, or 
second, nonwoven material may be subjected to electreting before or after sterilization. 
The second nonwoven material may also be treated witii an antistatic material before or 
after being subjected to electreting. 

The nonwoven materials includes a sterilized web formed from fibers of 
a polymer wherein a portion of these fibers have been subjected to eiecbeting. The 
sterilized nonwoven composition may also include an antistatic material present about 
portions thereof. The above nonwoven composition may further include a second vweb 

2 
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in a juxtaposed relationship to the first web. The second web may be formed from 
polymer fibers wherein a portion of these fibers may be subjected to electreting. An 
antistatic treatment may also be present about portions of the second web. 

The composition of the present invention further includes a nonwoven 
material including a first web formed from fibers of a polymer, wherein at least a portion 
of these fibers have been subject to electreting and wherein an antistatic material Is 
present about portions of the first web. This composition may further include a second 
web formed from fibers of a polymer, wherein the polymer is positioned in a juxtaposed 
relationship vwth the first web. The second web may also be subjected to electreting. 

These and other features and advantages of the present invention will 
become apparent after a review of the following detailed description of the disclosed 
embodiments and the appended daims. 

Detailed Description 

Disclosed herein are compositions, and methods of making the same, 
which improved both the airt>ome contaminate barrier and filtration effidencg^ of a web 
formed from polymer fibers. Among the applications for such compositions and 
methods are induded. but not limited to. applications requiring sterillzaWe. breathable 
materials having high airtx>me contaminate barrier properties. Such materials have 
application in surgical artldes. such as gowns, drapes, sterile vwap and face mask, as 
well as other non-surgical applications such as agriculture, mining, dean room and 
erwironmental applications. 

As used herein, the term "dielectric" means a material, such as a 
polymer, which is an electrical insulator or in which an electric field can be sustained 
with a minimum dissipation of power. A solid material is a dielectric If Its valence band Is 
full and is separated from the conduction band by at least 3 eV. This definition is 
adopted from the McGraw-Hill Encydopedia of Science & Technology. 7th Edition, 
Copyright 1992. 

As used herein, the term -nonwoven fabric" refers to a fabric thai has a 
structure of individual fibers or filaments which are intertaid. but not In an identifiable 
repeating manner. 

As used herein the term "spunbond fibers" refers to fibers whteh are 
formed by extruding molten themioplastic material as filaments from a plurality of fine, 
usually circular capillaries of a spinneretle with the diameter of the extruded filaments 
then being rapidly reduced as by, for example, in U.S. Patent no. 4,340.563 to Appel et 
al.. and U.S. Patent no. 3.692.618 to Dorschner et al.. U.S. Patent no. 3.802.817 to 
Matsuki et al.. U.S. Patent nos. 3.338.992 and 3.341.394 to Kinney. U.S. Patent nos. 
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502^763 and 3.909.009 to Levy, and U.S. Patent no. 3.542.615 to Dobo et al which are 
all herein incorporated by reference. wnicnare 

w f "'^"^ fibe^- "leans fibers formed by 

exta.d,ng a nn-ten thermoplastic material through a plurality of fine, usually circular, die 
capillanes as molten threads or filaments into a high velocity, usually heated gas (e g 
^'iTrr't °' them,oplas«c material to reduce 

me.tb.own fibers. Me.tb.owing is descnbed. for Exampie. in U.S. Patent no 38492I1 
to Bunfn. U.S. Patent no. 4.307.143 to Meitner et al.. and U.S. Patent 4^^o fo 
WisneskI et al which are all herein incorporated by referance. 

Polymers ara well suited for the fomiatlon of nonwoven materials which 
arB useful in the prac^ of the present invention. Nonwoven materials can be 2Te 

IZrT.'' "^^"S wet .aid 

Of di^J^r T T can be made from a varied 

of^e^e^ materials .nduding. but not limKed to. polyesters. pCydefins. nyton and 
c^mer of ftese materials. The fibers may be relatively short staple length fibers 
^.cally less than 3 inches, or tonger more continuous fibers such as are priced by 
a spunbonding process. ay 

" ''^s that nonwovens fbnned from polyolefin4»sed fibers 

are parbculariy well-suited for the above applications. Examples of such nonwovens are 
»«P0lyprDpytene nonwovens produced by the Assignee of record. Kimberiy-Cteric 
Coiporabon. And more particulariy. the spunbond. meltbtown. spunbond material 
produced by Wmberiy-Claric Corporation. P noona matenai 

This spunbond. meltblown. spunbond material may be made from three 
^parate layers which are laminated to one another. Such a method of making this 
tem^ated material is described in commonly assigned U.S. Patent NO. 4.041.203 to 
Brock ef a/, which Is incorporated herein in its entirety by reference. Alternatively, the 
spunbond. meltblown. spunbond material may be made by first fom,ing a spunbond. 
n^to own teminate. The spunbond. meltblown laminate is fomied by applying a layer of 
meftblo«n on to a layer of spunbond. The second layer of spunbond is then applied to 
tfie meltblown side of the previously fom,ed spunbond. meltblown laminate. Generally 
the two outer teyers provide the nonwoven fabric with strength while the inner teye^ 
provides barrier properties. 

The nonwoven web of the present Invention may be fomied from a 

pos*ons .n a juxtaposed or surface-to-surface ralationship and all or a portion of the 
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layers may be bound to adjacent layers. The nonwoven web may also be formed from 
a plurality of separate nonwoven v/ebs wherein the separate nonvi«>ven webs may be 
fom<ed from single or multiple layers. In those Instances where the nonwoven web 
includes multiple layers, the entire thickness of the nonwoven web may be subjected to 
electreting or individual layers may be separately subjected to electreting and then 
combined with other layers in a juxtaposed relationship to form the finished nonwoven 
web. 

The terms "electret" or "electreting" means a treatment that imparts 
charges to a dielectric material such as polyolefins. The charge Includes layers of 
positive or negative charges trapped at or near the surface of of the polymer, or charge 
clouds stored In the bulk of the polymer. The charge also includes polarization charges 
which are frozen in alignment of the dipoles of the molecules. Methods of subjecting a 
material to electreting are well known by those skilled in the art These methods 
include, for example, thennal. liquid-contact, electron beam and corona discharge 
methods. One particular technique of subjecting a material to electrostatic electreting is 
the technique disclosed in U.S. Patent No. 5.401.466. and is herein Incorporated in its 
entirety by reference. This technique involves sui)iecting a material to a pair of electrical 
fieMs wherein the electrical fields have opposfte polarities. 

Sterilization of the nonwoven web nnay be accompltehed by several 
technkfues which including, but not limited to. ethylene oxide sterilization, steam 
steriRzation. plasma steriTization. or ozone sterilization techniques. Ozone sterilization 
is described in U.S. Patent No. 5.266.275; 5.344.622; 5.333.355; 5.280876; 5145350;. 
Plasma sterilization is described for example in U.S. Patent Nos. 5.084.239. In those 
instances when the nonwoven v^reb is used to wrap surgical Instruments, steam 
sterilization techniques are commonly used although other sterilization technk,ues can 
be used. In such instances, the unsterile instruments are first wrapped in the nonwoven 
web. The wrapped Instniments are then sterilized. The instruments, still wrapped, are 
then removed from the sterilizing equipment and are stored in the wrapping material 
until needed. When needed, the wrapping vmb is removed making the instruments 

available for tiandling. 

For steam sterilization, the steam sterilization cycle may vary dependent 
upon type of sterilizer and the size/quantity of the items being sterilized. For example, 
the time and temperature parameters for gravity-displacement <qfdes may range from 
10 to 15 minute exposure time at 270 "F to 275 'F to 15 to 30 minute exposure time at 
250 -F to 254 'F. For prevacuum cycles, the time and temperature parameters may be 
3 to 4 minutes at 270 -F to 275 'F. And for steam-flush pressure-pulse cycles, tiie time 
and temperature parameters may range from 3 to 4 minutes at 270 "F to 275 'F to 20 
minutes at 250 'F to 254 •F. 
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Sterilization of the web mav aisn 
sterilization. In those instances J^n l ^<«»nP"shed by ethylene oxide 

ethylene o«de. the surgical lnst:^rents C^^^^ 

entire package may then be subjected to an ^ "^he 

the ethylene oxide stenlizafon ^etd 7 ""^'^ 

then removed from the ethylen^ oxi^^eSSno ^-PP^^. are 

wrapping material until needed. When n^^T^^ '''''^^ the 

the Instruments available for handling "^"'^'"^ ^«'"°^ed making 

steril.ed. in the exaX derc::^, rj^J^%r:r^/^ '^^"'^ ''^'"^ 
acoomplishedbyuslngeitheraRSSAChamt^r7^3of?««_r^^ sterilization was 
.L Generally, the ethylene o^e s^,^Tjy^T:n!lfT^ "^'^ 
stenleation phase and a degassing phase tT^ P^condittoning phase, a 

Phases are provided betoT^ ^ '"^'^ Parameters for each of these 



Preconditioning 
Process Parameters 
Temperature 
Relative Humidity 
Holding time 

Sterilization 
Process Parameters 
Chamber Temperature during exposure 
Chamber Temperature at ail other times 
Initial Evacuation 
Leak Test 
Leak Test Dwell 
Nitrogen Dilution 
Evacuation 

Humidity Injection Pressure Increase to 

HumWification Dwell Time 

ETC Injection Pressure 

Time to inject gas 

Cycle Exposure 

Exposure Pressure 

Exposure Temperature 



Set Point 
115'F 
63% 
18 hours 



Set Point 

130.0 F 
130,0 F 
1.2- Absolute 
1.2" Absolute 
5 minutes 

3.2- Absolute 
1.2" Absolute 
2.9" Absolute 
30 minutes 
15" Absolute 
NA 

2 hours 
15" Absolute 
130.0 F 
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B. Sterilization (continued) 

Process Parameters Set Point 

1st Re-evacuation 6 0" Absolute 

1st Nitrogen InWeed 50.0" Absolute 

2nd Re-evacuation 1-6" Absolute 

2nd Nitrogen Inbleed 50.0" Absolute 

3rd Re-evacuation 1.6" Absolute 

C. Degassing Parameters 

Process Parameters Set Point 

Degassing Tinne 24.0 hours 

Degassing Temperature 130' F 

Plasma sterilization of tiie nonwoven fabric may be accomplished by 
subjecting the nonwoven fabric to hydrogen peroxide or peracetic add plasma at a 
sufficient pressure for a sufficient time. In those instances when the nonwoven fabric is 
used to wrap surgical instalments or other unsterlle supplies, such items are placed in 
an instmment tray. The instrument tray is then generally wrapped with two juxtaposed 
sheets of material commonly referred to as sterilization wrap. Sterilization wrap is 
usually a woven or nonwoven material which, when wrapped around the tray or 
padtage contents in a certain prescribed manner, vwll pennit the entiy of sterilizing 
vapor/gas or other medium to sterilize the contents of the tray while denying the ingress 
of contaminants such as bacteria and other Infection causing materials after 
sterilization. Once sterilization is complete, the instruments and other supplies, still 
wrapped, are then removed from the plasma sterilizing equipment and are stored in the 
wrapping material until needed. When needed, the wrapping material is removed 
making the instruments available for handling. The plasma sterilization cycle may vary 
dependent upon the type of sterilizer, the size/quantity of Vne items being sterilized and 
the composition of the chemical precursor of ttie active spedes of the plasma. 

In ttiose instances virtiere the web is used in or around flammable materials or 
static charge build-up and/or discharge is a concern, the web may be treated with any 
number of antistatic materials. In these instances, the antistatic material may be applied 
to ttie vweb by any number of vwell known techniques induding, but not limited to dipping 
the web into a solution containing the antistatic material or by spraying the web vwth a 
solution containing ttie antistatic material. In some instances ttie antistatic material may 
be applied to bott^ Vhe external surfaces of ttie web and tine bulic of the vi«b. In other 
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selected surface « surfaces thereof 

Of particular usefulness Is the antistatic mateiial known as ZELEC* an 

the anssta^c mateflal eitner before or aner subjeaing the weft ,„ 
««*,«n,. Furfhemtofe. «»» c all of the matehal layers may be treated ««h the 
an^ matertal. ,n thoae ,„sta,»es .-»re o,^ son» o, ihe n^tehal laye« Z 
treated antistasc matertal, the non-treatad layer or Uiy.^ „^ be subbed to 
electietinB pnor to or after combining with the antistalic treated layer or lay«s 

. ««' °'»««'«< v«bs according to the present hveralon. bact«ial 
««ton e«ioenaes are greater then epprexlnate^ 90% a des«ble bac^ 
«««on .maency of greater than apprex^ately 92% ^ a most deslreble bactehal 

•^-'^c^le'Meocyis 
SaH Laire oty. UT. The proc«lure used 10 det«mine l.»,e BFEs is de»>1bed in 
44 "irtrri"^ M.L spec 3S954C 

n«to be »nstn,ed ,n any way as imposing limitations upon the scope thereof. On the 
co^. * « «. be dearv understood that resorf may be had to venous other 
^.TKH*. m««ic«ions. and «,„ival««s thereof which, after reading the 
d«c^n here„, may suggew themselve. to those sklled in the art without departing 
from the spint Of the present invention andtor the «>,pe Of the appended dalm.. 

Example 1 

web m«t«H«. ^"^-^ ".anufactur^s a series of single sheet laminate nonwoven 
^ matenals made from spunbond^eltblown-spunbond (SMS) layers. These 
matenate are avaHable In a variety of basis weights. The nonwoven web materials used 
ki ttle Examples were such singe sheet laminate materials sold by Klmberiy^ 
'<"^GUARD® Heavy Duty Sterile Wrap. The basis weight of this 

2 r " ^! '^^^ ^ '^'-^ ^ ^ 0.85 or/sq yd 

and the meltblown layer has a basis weight of 0.50 oz/sq yd. 

. V ^ ""^^ *° "^"^P'^^ ^P°rtecl in Tables 1-4 to 

•le^ro^c electreting Is described in the above referenced U.S. Patent No. 

(BFE) test results and standard deviation (SO) are reported for three categoriS 
.nvesogated for Heavy Duty KIMGUARD® Sterile Wrap. The fl«t category 
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"Unelectreted" reports the average BFE for eleven samples of ZELEC treated and 
eleven samples of nonZELEC® treated KIMGUARD® material. These samples were 
not subjected to electreting or steam sterilization. 

The second category. "Electreted". reports the average BFE for eleven 
samples of ZELEC® treated and eleven samples of non-ZELEC® treated KIMGUARD 
material which were subject to electreting but not steam sterilization. 

The tWrd category, "Electreted/Sterilized" reports the average BFE for 
eleven samples of ZELEC® treated and eleven samples of non-ZELEC treated 
KIMGUARD® material which were first electreted then steam sterilized. Sterilization of 
these samples was accomplished in an Amsco 2021 Gravity Sterilizer, a product of 
American Sterilizer Co. of Erie. PA. Samples were sealed in a Baxter DUAL PEEL«« 
Self Seal Pouch. The sealed pouches were exposed to 250 'F at 15 psi steam for 20 
minutes with a dry time of 5 minutes. After sterilizing, the above samples were analyzed 
by Nelson Laboratories for Bacterial Filtration Efficiency testing. 



Table 1 

Bacterial Filtration Efficiency 
(KIMGUARD® Heavy Duty Sterile Wrap) 



Description 


Unelectreted 


Electreted 


Electreted /Sterilized 


ZELEC*^ 


85.55+/-2.38 


93.85+/-3.67 


95.87+/-0.99 


Non-ZELEC® 


82.18+/-1.66 


96.36+/-1.72 


93.64-t-/.2.72 



As previously stated. Nelson Laboratories of Satt Lake City, UT 
preformed the above BFE analy«s. TTie procedure used to determine ttiese BFEs is 
described in Nelson Laboratories Protocol No. ARO/007B in accordance with MIL Spec 
36954C. 4.4.1.1.1 and 4.4.1. 2v 



Example 2 

Further analysis of the Heavy Duty KIMGUARD® Sterile Wrap (2.2 oz) 
were conducted to determine BFE and the charge on the samples for both pre- and 
poststeam sterilizing. Steam sterilization of the samples reported in Example 2 was 
accomplished using the steam sterilization procedure reported In Example 1. The BFE 
results reported m Table 2 were the product of Nelson Laboratories using the protocol 
described In Example 1. These BFE results represent the average of eleven 
non-antistatic treated s«nples. 
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Table 2 

Bacterial Filtration Efficiency 
(KIMGUARD® Heavy Duty Sterile Wrap) 




1 000 volts/cn,2 t "^""^ ^^"'^'^"S- « Of betoveen 800 to 

-s.cn,. pos^eonone^rr™^^^^^ 

an. NY) by taking ten readings on each side of tt,e samples. 
Examples 

wetohfnfinR , '"®'**''o«^- sP"n«>onc* material having a basis 

-"^^rr^^rtT 

sample pouches ^.T. «*«scnbed in Example 1 except that all sterilized 

«=on,mod«« r^"-,: tiTjT" " 

»~>nd. „ J^^ J^ "^^ ""O"* o> ».e port.; 

".mute. t^^Z7!r «*««<"^y a Chanber e,^ of m«n 
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Units) per port Bacillus subtilis ss globigii spores, purchased from Amsco (Part 
NA-026. P-764271-022) was used to make the working spore suspension of 1 x 
CPUs per port recovery. 



TABLES 



Sample 


Product 


ZEt^C® 


Electreted 


sterilized 


Ava%Red 


SD 


n 


1 


SPU 


No 


No 


Vac 

Tes 


71 S 


9 1 


2 
5 


2 


SPU 


No 


Yes 


Yes 


87.2 


3.1 


2 

s 


















3 


KIM 


Yes 


No 


Yes 


AO A 


*i 7 


1 

5 


4 


KIM 


Yes 


Yes 


Yes 


AH ft 




1 

5 


5 


KIM 


Yes 


Yes 


No 


97.2 


1.1 


1 

5 

w 


















6 


KIM 


Yes 


No 


Yes 


oO.I 




1 

c 


7 


KIM 


Yes 


Yes 


Yes 


88.9 


5.7 


'l 
s 


8 


KIM 


Yes 


Yes 


No 


Oil ti. 


9 7 


5 


















9 


KIM 


Yes 


No 


Yes 


73.9 


7.6 


1 

5 


10 


KIM 


Yes 


Yes 


Yes 


86.2 


4.1 


1 
5 


















11 


KIM 


No 


No 


Yes 


66.8 


11. 
9 


1 

5 


12 


KIM 


No 


Yes 


Yes 


94.5 


2.8 


5 


13 


KIM 


No 


Yes 


No 


98.2 


0.7 


1 
5 



n - Number of fabric samples. 
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The average percent reduction (Avg%Red) is a measurement of filtration 
effiaency. The Avs%Red is an expression of the reduction of number of colony fomting 
umts (CPUS) or bacteria passing through a sample compared to the number CPUs in 
the Challenge control filter material. The Avg%Red was calculated by subtracting the 
number of CPUs passing through a sample from the number of CPUs passing through 
the challenge control filter material and dividing this number by the number of CPUs for 
the challenge filter material. The result was then multiplied by 100 to convert to percent 
Table 3 demonstrates that filtration properties of the steam sterilized 
nonwoven samples are Improved by the electreting the fabric samples (Samples 2 4 
7. 10. and 12) as compared to samples which have not been subjected to electreting 
(Samples 1 . 3, 6. 9. and 11). ^ 



Example 4 

^ Table 4 reports charge data for the top and bottom surfaces of 2.2 oz 
KIMGUARD fabnc samples subjected to various conditions. As noted in Table 4 one 
of the KIMGUARD samples was traated with 2ELEC® and the ottier was not B^cept 
as otiienvise indicated, the measuraments were made on separate samples Each 
sample had a general dimension of about 10" x 10". The area of each sample 
measured had a general dimension of about 6" X 6". iWleasurements were taken each 
1/2- in a 12 X 12 matrix. The charge number reported is an averaged number The 
equipment used to measure charge was Uie same as descn-bed in Example 2 



Table 4 



AVERAGE SURFACE VOLTAGE OF SAMPLES OF 2.2 OZ KIMGUARD® STERILE WRAP 



Sample # 
Material 


Side 


1 

As 
Received 


2 

Charge 


3 

Sterilizer 
20 min. 

In 
Duel 
Pee! 
Pouch 


4 

Sterilizer 
60 min. 
in 
Duel 
Peet 
Pouch 


6 

Sample 
#3 No 
Pouch 
Sterfiizer 
20 min. 


6 

sample #3 
No Pouch 
Sterilizer 60 
min. 


KIMGUARD® 

(ZeleoiS)) 


A 


•2.8 


-125 


-51 


-100 


30 


-43 




B 


1.6 


-15 


-48 


-169 


72 




KIMGUARD® 

(NonZelec® 


A 


-61 


272 


239 


-353 


-146 


-354 




B 


•87 


-432 


-265 


-243 


-232 


-223 
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Notes: Sample #5 rerun of #3 without pouch 
Sample HQ rerun of #4 without pouch 

Example 5 

Kimberiy-Claric manufactures a series of single sheet laminate nonwoven 
web materials made from three layers of filMOus material. i.e.. 
spunbond-meltblown-spuntwnd (SMS) layers. These materials are avaHable in a variety 
of basis weights. The two nonwoven webs used in these Examples were such single 
sheet laminate materials sold by Kimberly-Clarit Each of the nonwoven webs had a 
basis weight of 2.2 osy (ounces per square yard). Both spunbond layers had a basis 
weight of 0.85 osy and the meltblown layer had a basis weight of 0.50 osy. One of the 
nonwoven webs vras a ZELEC® treated laminate and is sold by Kimberiy-Claric the 
under the mari< KIMGUARD® Heavy Duty Sterile Wrap and is designated in Table 5 as 
-KIMGUARD®-. 

The other nonwoven web. designated in Table 5 as "RSR" also had a 
basis v»«ight of 2.2 osy but was not treated vwth an antistatic material. RSR fabric is the 
same as KIMGURARD® fabric except it is not treated with the antistatic agent 
ZELEC®. Both spunbond layers had a basis weight of 0.85 osy and the meltblown 
layer had a basis weight of 0.50 osy. The method used to subject these webs to 
electret treating is described ^ the at>ove referenced U.S. Patent No. 5.401.466. 



Tables 

After EO Treatment 



Material 


Side 


Received 


Electreted 


Sample 
1 


Sample 
2 


Sample 
3 


KIMGUARD^ 
fZFI EC^ 


A 


-2.8 


-125 




27.2 








♦1.6 


-15 


24.1 


-5.4 




RSR 
flslon-ZELEC^ 


A 


-61 


+272 


-89 


-130 


-138 




B 


-87 


-432 


-90 


-46 


♦ 54 



The surface charge for both KIMGUARD*^ and RSR fabrips vtexe 
analyzed and the data reported in Table 5. The charge data for each side of these 
fabrics was recorded for both beftore fAS RECaVEir) and after electreting 
fElfCTRETED"). Charge data were also recorded for ethylene oxide sterilized fabric 
samples vtrtiich v«ere first electieted and then ethylene oxide sterilized CAFTER EO 
TREATMEhTT). As noted in this example, the KIMGUARD® samples were treated with 
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ZELEC* «d Ih. RSR samptos not Ch.,B, nwasuwnents w«. taken at 36 
and -ELECT^ETED-. me KIMGUARD* a«. RSR samp,.s .„« each e,^. 1, 
«««^„ ..eu .pcr». ,„ Exan^ 6 ^ ^ ^ ^ 

, > ™""»n««s opened are avemged va*«s of pos«l« M „ 

nagatiw (.) «««. per ca,^ T»» «^pmenl uM to n«M««e aw™ was an H«JJ , 
Voltme..,(TrekMod«»M.TmHl„aMedian,NV). Eie«rostat» 
'"""*^''»'^'*°«*>te.th.etl>jto» oxide Sterittealionp^ 

^^ItTT '•^'^ *^ '«"«^ ^ 

K«^ARO >nd««RSR™t.,ta, „^.„„.«notedma„h.™d„«on«„h.ove„. 

nr^r::: r - - ---^ 



Example 6 

A summary of the average bacterfal filtration efficiency (BF© test results 

Kii^orRt-Tr ^ categor ,ni?r 

KIMGUARD ,n Table 6. The first category, reported m Table 6 is the "Nelson BFE" 

Itnl t?:r'^ ^> bacte^^t^^ 

efltoency test The procedure used to detemiine these BFEs is described in Nelson 
LabOTBtones' Protocol No. ARCyoOTB in accordance with MIL Spec 36954C 44 iTj 

L"ltl '''^'J*'K *^ ^^"^ ^'^^ KIMGUARD® fabric 

rKlGUARD^r^. then eth^ene oxide-sterii^ed 

TKIMGUARD ©/Electret^ and 11 non^lectret-fBated KIMGUARD® fabric 
samples which were ethylene oxidesterilized rKIMGUARD®@/E(n. 

The second category reported in Table 6 is "Microbial Challenge BFE" 
Th.s category includes the average BFEs for the KIMGUARD® samples 

«h«^ c. "^"^"^ ^"^"^"^^ "««^«^ « port exposure 

*nrLTate T -P^-te samples, "^e ci:^leng: 

«Mou8h ea^ of the ports; second, an exposure «me of fifteen minutes followed by a 
chambe exhaust of fifteen minutes, and; thW. a microbial challenge that results in 1 x 
10 CFUs (Colony Fomiing Units) per port. Bacillus subtilis ss gioblgli spores 
purchased from Amsco (Part No. NA-026. P764271-022, were usedTlaKe^ 
woridng spore suspension of 1 x 106 CFUs per port recovery. 
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The value reported is an expression of the reduction of number of colony 
fonning units (CPUs) or bacteria passing through a sample compared to the number 
CPUs passing through the challenge control filter material. This value was derived by 
subtracting the number of CPUs passing through a sample from the number of CPUs 
passing through the challenge control filter material. The difference in the number of 
CPUs passing through these materials is then divided by the number of CPUs passing 
through the challenge filter material and then multiplied by 100 to convert to percent. 



Table 6 



Sample 


Nelson BPE 


Microt)ial 
Challenge 
BPE 


KIMGUARD<a»/Electret/EO 


97.51 +/-0.39 


96.44+/-4.51 


KIMGUARO^/EO 


89.96+7-1.04 


79.04+/-6.50 



Example 7 summarizes the average Nelson BPE and the Microbial 
Challenge BPE categories for the RSR nonwoven materials. The procedures for both 
the Nelson BPE and Microbial Challenge BFE for the RSR materials were identical to 
the Nelson BFE and Microbial Challenge BFE procedures describe above. 
-RSR/EIectr»t/EO- stands for RSR electret-treated then ethylene oxide-treated 
samples. -RSR/Electfer stands for RSR electret-treated samples. "RSR/EO" stands for 
RSR ethylene oxlde-sterifized samples. Eleven samples of each class of RSR material 
described at>ove were analyzed and the results averaged. 



TABLET 



Sample 


Nelson BFE 


Microbial Challenge 
BFE 


RSR/Electret/EO 


96.92+/-0.91 


97.56+/-0.83 


RSR/Electret 


95.75+/-0.60 


98.91+/-0.64 


RSR/EO 


79.73+/-3.20 


79.82+/-5.96 



Example 7 demonstrates that banier properties of an ethylene oxide sterillzable 
material are improved when such material is first subjected to electreting. in particular 
electrostatic electreting. and then ethylene oxide sterilized as compared to the same 
material which is not subjected to electreting prior to ethylene oxide sterilization. It will 
be further obsenred that the decrease in the surface charge which occun«d after 
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ethylene oxide sterilization rrabiA Hiw 

'"^iTOn ( I aoie 5) did not significantly affect 

these matenafs. 



PCT/US97/I0716 
the bamer properties of 



Example 7 

2ELEC® the lT7« ° °^ '^"^-"t by weight of 

ZELEC . the antistatic treatment previously described «rf„>K 

The dimension Of each sheet was 2rx34- ""''^"^ 
Sample 2 consisted of two shMte ♦k^ 

Laboratories Table 8 reoon. ITw I 7 ^ 2 were analyzed by Nelson 
BoHon, . the data for the plasma sterilized Sample 1 Ton «nH 

Bottom Layers and Tabte q mn^^ - oampie i. Top and 

- SCO. ri"izr .T.iTrr.:r::^ 



Table 8 

^2 osy KIMGUARD® BFE% Electreted 



WIthZELEc' 



Top Layer 


Bottom Layer 


95.2 +A 0.93 1 


97.8 +/- 0.53 


94.8 +/- 0.76 


98.7 +/- 0.41 


95.6 +A 0.84 


98.7 +A 0.22 
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Tables 

2.2 osy KIMGUARD® BFE% Electreted Without 2ELEC 



Top Layer 


Bottom Layer 


94.3+/- 1.98 


98.2+/- 0.66 



Example 8 

Sample 3 cor>sisted of six sheets of the above described 2.2 osy 
KIMGUARD® Heavy Duty Sterile Wrap containing about 0.03 percent by weight of 
ZELEC®. the antistatic treatment previously described, which was topically applied. 
The dimension of each sheet was 27'V36". 

Sample 4 consisted of two sheet of the above described 2.2 osy 
KIMGUARD® Heavy Duty Sterile Wrap but vinthout any ZELEC . Samples 3 and 4 
were rK>t subjected to electrostatic electreting. 

Three. 10 inch by 10 inch by 3 1/2 inch plastic surgical trays were each 
wrapped with two sheets of Sample 3 material. One. 10 inch x 10 Inch x3 1/2 inch 
plastic surgical tray was wrapped with the two sheets of Sample 4 material. The sheet 
contacting the instrument tray is referred to as the "Bottom Layer and the sheet 
overiying the Bottom layer is referred to as the Top Layer". 

The four double wrapped surgical trays were sterilized in the 
STERRAD™ plasma sterilizer. After plasma sterilization, the bacterial filtration 
efficiencies for the plasma sterilized Top and Bottom Sample Layers were analyzed by 
Nelson Laboratories. Table 10 reports the data for the plasma sterilized Sample 3. Top 
and Bottom Layers and Table 11 reports the data for the plasma sterilized Sample 4. 
Top and Bottom Layers. The data reported in Tables 10 and 11 are the average of 
eleven measurements taken ftom different locations on each layer of material. 



Table 10 

2.2 osy KIMGUARD® BFE% With ZELEC^ 



Top Layer 


Bottom Laver 


90.7 +/-1.42 


93.1 +/- 1.48 


91.5+/- 1.56 


92.0 +/- 1.53 


92.4 +/- 1.56 


92.5+/- 0.67 
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Table 11 

2.2 osy KIMGUARD® BFE% Without 2ELEC<8> 



Top Layer 


Bottom Layer 


88.0 +A 2.92 


89.6 +A 1.75 



As demonstrated by the above Examples, the barrier properties of 
Plasma sterilized norvwoven materials are improved when these materials are 
subjected to electreting. it will be further observed that the bamer properties of a 
plasma sterilized antistatic treated non-woven materials are improved when these 
materials are subjected to electreting. for example electrostatic electreting 

WhHe the Invention has been described In detail with respect to specific 
embodiments thereof, it wPI be appreciated that those skilled in the art. upon attaining 
an understanding of the foregoing, n^ay readily conceive of alterations to. variations of 
and equivalents to these embodiments. Accordingly, the scope of the prasent invention 
Should be assessed as that of the appended claims and any equivalents thereto 



3NS0OCIft <WO_SeiM7S7A1_l. 
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Claims 

1. A sterilized, electreted web having a Nelson bacterial filtration efficiency 
of at least 90%. 

2. The web of Claim 1 , wherein the Nelson bacterial filtration efficiency is at 
least approximately 92%. 

3. The web of Claim 1 , wherein the Nelson bacterial filtration efficiency is at 
least approximately 94%. 

4. The web of Claim 1 , wherein the electreted web is a nonwoven web. 

5. The web of Claim 4, wherein the nonwoven web comprises two outer 
layers separated by an intermediate layer wherein the two outer layers are spunbond 
nonwoven layers and the intermediate layer is a meltblown layer. 

6. The web of Claim 1 , further comprising an antistatic material. 

7. The web of Claim 1, wherein the web is sterilized by steam, ozone, 
plasma, or ethylene oxide. 

8. A sterilized nonwoven web laminate comprising: 

two outer layers separated by an intermediate layer, wherein the two 
outer layers are spunbond nonwoven layers and the intennediate layer is a mettblown 
layer and 

at least one of the layers is electreted. 

9. The nonwoven web of Claim 8. wherein all three layers are electreted. 

10. The nonwoven web of Claim 8, wherein at least one of the layers is 
treated v/ith an antistatic material. 

11. The nonwoven web of Claim 8. wherein the web is sterilized by steam, 
ozone, plasma, or ethylene oxide. 
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mr^Jt ■ 7"^"^" ^' ^^'> « Nelson bacterial 

filtraton efficiency of at least 90%. 

effidenri^^tT^r"^'^" °' ^' «'t^«on 
effiaency is at least approximately 92%. 

14 The nonwoven web of Claim 8. wherein the Nelson bacterial filtration 
efficiency is at least approximately 94%. 

fabric. manufacturing a fabric comprising sterilizing an electreted 

subiectl'toelllrr' " "^"^ "'^ '"'^^ ^^"'"^^ ^'^^ 

pr^toLgs^nlT"" *° 



18. The method of Claim 15. wherein the fabric is a 



nonwoven fabric. 



and « .ILh '^'^ '^'^ """Prices a fi-^t 

and a second nonwoven fabrics positioned In juxtaposed relationship. 

.r. nJ^' J*"^ ^""^ ^"^ ^^"''^ "O'^^'en fabrics 

are positioned m juxtaposed relationship after the electreting step. 

to JI- r**^ «he finrt nom^oven fabric is subjected 

to electreting and the second nonwoven fabric is not subjected to electreting. 

materiaf "^"^"^ °' '^"^ "^^"^ ^ ^" «^'»*««<= 

23. The method of Claim 19. wherein the first nonwoven fabric is treated 
with an antistatic material. 

With J\ . °' "«««°^e" 'abric is treated 

with an antistatic material. 
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25. The method of Claim 15, wherein the fabric is sterilized by steam, ozone, 
plasma, or ethylene oxide. 

26. The method of Claim 15, wherein the fabric has a Nelson bacterial 
filtration efTiciency of at least 90%. 

27. The method of Claim 15. wherein the fabric has a Nelson bacterial 
filtration efficiency of at least 92%. 

28. The method of Claim 15, wherein the fabric has a Nelson bacterial 
filtration efTiciency of at least 94%. 



9e04767A1_l_ 
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